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(57) Abstract : 

PROBLEM TO BE SOLVED: To prevent the decline of the spontaneous 
polarization value of a ferroelectric thin film, particularly, 
a PbTi03 ferroelectric thin film, when the thin film is formed 
on a single-crystal Si substrate by controlling stresses in the 
thin film. 

SOLUTION: A ferroelectric thin film is made of an epitaxial 
ferroelectric thin film, formed on a single-crystal Si 
substrate and, of crystal faces of the thin film, set a crystal 
face parallel to the crystal face of the single-crystal 
substrate as ZF face, the distance between crystalline faces 
ZF and the distance ZFO between the crystalline faces ZF when 
the constituent of the thin film is in a bulk state are adjusted, 
so that a relation, 0 . 980<ZF/ZFO<1 . 010, is established among 
them. 
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[0 0 4 8] ^L^b^^^^^ 115 
tk^A/Btt. »*U<t±0. 8-1. *9 
40 »SL<I40. 9-1. 2-Cfo6., 

[0 0 4 9] A/B*r©J:5ft«HH:-f6-iCJ-o 

fc8k»i-Swi:#™-ft*fc*» ««ff»tt*fctt!i 
R^Wt^ac^ft-t^-etS. w*vfc»b. A/B 

dJo. 8*^-ei4^ B ttroekss*m* 5 M*^<^^ * 

/-A/BA5 1. 3«rHB*.5i*Mt*W«®** aSH,l,!1 
; oTU 5. rcoi^ftA/Bli, *Bl*#fe«H>M- 

[0 0 5 0] ft*. *9HB»-Ctt. PbTi03fti?© 

50 .t^jrABO.tiJsitSOWtk^x&i-^-CSib-C^ 
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(8) 
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BOxl^V^T. x»tt±, a#. 2. 7-3. 3gS 

-e*>*. *». a/bi4, «#x»£*lfc*&*»*=- 
[0 0 5 1] wii-eJBv^ABOiac^^*^ 

HIS^*iL-Cli, A"B*-03, A»*B«*03, A»*B 
3*Os, AxBOs, A (B' o.67B'o.33) Os, A 

(B' 0.33B" 0.67) 03, A (B0.B*»B0.6*«) 03, JO 
A (Bo.s J *Bo.5 !< ) 03, A (BoVBO.5 7 *) 03, 
A 3 * (B0.5 2+ BoV) 03, A (B0.25'*B0.75 5 *) 
03, A (B0.5 3 *B0.6<*) 02.75, A (B0.5 2 *Bo.S 
5 + ) 02 75^<OV^^T?fo<5-Ct)iV'> 0 

[00 5 2] PZT, PLZT««Pbl 

^La^^*-r Mt#«K C a T i 03, B a T i 03, P 

bTiOs, KTaOs, BiFeOs, NaTaOs, S 

rTiOs, CdTiOs, KNbOs. L i N b 03 , L 

iTaOs, *JitfriX?>OH»fMfC*>*.. 
[00 5 31 **, ±IEPZT(4, PbZr03-Pb 20 

Ti03l»lS#tfc5. ±_fePLZTI4, P 

ZTlCL.tfH-^SftfcflS**** 5 * AB03<73* 
(Pbo.89~o.9iLao.n~o.09) (Zr 

0 65 Ti 0.36) 03-C*^H2>o 

[0 0 5 4] Ji«^H^*-f bflS^»«0 5feB 

i *JH*fls**i*» -«»=• 

^ B i 2 Am-1 Bn03n*3 

±B«K:33V^-C, ml41~5 0>SS!l&, A 

14, Bi, Ca, Sr, Ba> Pb *5 itf#±3S7C* 
(Sc*iJ:U<Yfc*tri <DWfil,a>T?fe«9, Bt4, T 30 
i, TaJ3iOTb©vW'-efc5. ftfl£«K»4, B 
i4Ti30i2. SrBi2Ta209, SrBi2Nb209 

[0O5 5] *«WCfflV^wi:a»»*UV^a^* 

^*-f b«Mt*»» 0JxtiB a T i 03, S r T i 
03 PLZT S PZT, CaTiOs, PbTiOa, 

| iB aTi03, SrTi03.PZT, PbTiOa, 40 

{4, PbTiOi, R (R»*, Pr, Nd, Eu, T 
b, Dy, Ho, Yb. Y, Sm, Gd. Er*3.fctfL 

b T i ftfetJtKOt4*i-6*±Sa5£««**-^>* 
$&T?foS„ W:PbTi03ft, * 

-c-t4, «*i4^i>rtt-e*>ofcPbTioio*^*^ 



0-223476 

14 

P b T i oa**«>*Wt*WBT* 5. 
[0 0 5 6] **fJ-<?tt» *±mx*******#± 

IT, J**lt*a* 

(P b + R) /T i =0. 8~1. 3, 
Pb/ (Pb+R) =0. 5-0. 99 

(Pb+R) /T i =0. 9-1. 2, 
Pb/ (Pb+R) =0. 7-0. 9 7 

»*«>#±»56****# V6&&li>_ftf6¥8 - 1 8 6 
6 2 S-U-fcH***''^*- *±Sfee*fc±K)fc*TP 
bT iOiC»3lini-»-fc«-*5, Ec&®T£-frS- 

[00 5 7] Rtt, PbTi03^M$n5S*-< 
h©AiM HcttBi-5Pbi:BlftL, tt& 
* SOBS* 5. PbT i 0314, a«: 3. 8 9 7A, c 
N : 4- 14 7A©iE*Sl!^ n ^^*^ MfiS"**> 

c**©*******©-^ 

14", Ce-CI4, PbT i03©Bt^ M^tttt57cf 

[0 0 5 8] #±«5£*«*^^^«»« :: * J ^' r ' (P 
b+R) /T i tf/hSi-tfSfcl***©***** 151 * 
tt<*5, (Pb + R) /Tii^t^tWiS 
|gro»j£a 5 fflJffi(-*^ L *5. (Pb+R) / 

T i tlWiktsriCtS, Aff*fl**<*tt#* 
Pb/ (Pb+R) */h*i-**i. 
«toTl* 5 fcW*fcftm#t 1 0 0 OfiLLi 
W <4oTL*5. Pb/ (Pb+R) #*# 

»*««5F+»ifta. Pb/ (Pb+R) Sr±IE«SB8t 

wt5^ia^t^t^#5. pb, Ti*5 

[0 0 5 9] -«KPb : T 1 : ° - 

1:1: ZX'hZtK ^JBWCttWIIPi-SR®**** 
t«li:±o-Cll*»lfc*tt**0. 2. 7-3. 



-8- 



(9) 



4$§!¥l 0-223476 



15 



16 



10 



[0 0 6 01 4S. *±WE*4*^f ^"MB^*' T 
i»60W%aTi«Zr. Nb. Ti. Hfi3«tO=C 

[0 0 6 1] (B)?^y?. J r>'7v>Xmtt®t Lt 
tt, 3$^mff0^*^l-andoit-BorensteinVol. 16E*© 

(Ba, Sr) Nb206, (B a , Pb) NbzOe, P 
bNb20e, PbTa20e, BaTazOe, PbNb4 
Oik PbNb20e, SrNb206. BiNbjOitW 
Cilf,0B*#* s »*l'<' S B N { (B a , S 

r) Nb206} *PBN { (Ba, Pb) NbzOe) . 

[0 0 6 2] (C)YMnOs*»»«, flS**RMnO« 
-C**6. Rl**±»5£* (ScKitfY&^tr) 

ttfHijartatWR/Mnli, »*^<»°- 8 ~ X - 
2-e*>9, iO»*U<!40. 9~1. l-cfc*. 

/Mn#o. 8**, I- 2«rr*.5*H-CI4, 

2%£*.5ttB-ei4. 3*si«tt* 5 #fe^^ 

jjtm*#*M*-i-S-i:CJ:o-C3Kai-6. ft*- R / 
Mnfi. **X«^*rtt*»fe**>5 YM 

noa**m©wM*i4. o-soss, » 

[00 6 3] «8H w t U^Mn Os 

Stttti*. YMn ° 
A***©******- 3 *®***** 

fctt, |Uto*IHtttfcYMnOs, HoMnOi, ErM 
nOa. YbMnOa, TmMnOi, LuMnOaTfeS 
fc©!&\ ^Jxb<OB»^<eiTT?«>2>. 
[0 0 6 4] flgifiiiSfa 

n***-f batm-CI* (0 0 1) Elft©** 

tm-ctt (ooi) Eiaio*^*^^*^"*"* 11 ^ 

3»«nre*>»>. ^WYMnOi»tm-CS (0 0 0 
1) ^<D^ifi' i c'> J r^^ i > ::tti ' SSmX ' h:£> ° 
[0 0 6 5] -<ti^*^ bS«m*»fe«***v*!*W 
Si (1 0 0) WR©*Bl£»**"6-fc 
#»* LV\ r ©**©a«im**«i: s i «fik »» 
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*LvMWM*3WM8«»*» WT<oii9-C*fc«>. ft*- s 

ii*A**-c*>6. &tsimtt*Bi* 5 (ooi) m-ern 
M«m# [i o o] //s > [oio] -cfc 

ttV s «wo± *> we fe s r. t tmt. uv \ 

[0 0 6 6] #i^*7->^HVXffl*tt6W»fe«rt&*l' 

sawmiMHSfc. s» (ioo) a«o*ani»*i- 

fc©»*U-Mfc*tt#<MM*l*« [10 0] // 

Si [0 10] t?*>5. 

[0 0 6 7] ^SYMnOaStfW^i**^ 5 

(oooi) lSlR!©5£K®&i*JBIf*- Si (l l i) & 
ipic (l l l) mft<o/< y 7 Tt*t&? (i i ffirS) 

©mwi*K«t*ttf, si (ioo) ws±fc (ooo 

[0 0 6 8] ^^k*^^***^' 1 ' 8 * 
jt-EHMTcfcaiMM 1 *** r©i§£ 

@ ft fc -fSBSm© t> ©©£&«> * B W fc 

T-cfcSK-e&s. (ooi) #-ei*i*. ■* 

tttefe c ®*-ia^8!l-ei4> ^© 29-8 X^lalSf^ 

(0 0L) ®^©St*t'-^»^K (OOL)ffi 

KfcKOft**-* 1 0 °/o^ T ^ ^ * U < 14 5 %W 
T-C**. *W»»»=*iV^ (0 0L) (0 

0 1) ^ (0 0 2) t£}£<D<$ffite&ZMft-r 

(10 0) Ht-EWK-Ctt (10 

30 o) Si* (200) Bfctf©«MSftifi-*-'*-C' 0 El*fco 
V x-c#^> (Hi) *-BH^^' 4 (llD®^ 
(2 2 2) BtttfOtMraffl-f^t^RtflcoV^** 

bfcfc*. tta^X*. Y$ilJ3«tt5Z«l*l6l(-fc*>l-S5 
o-CEmUtv^SiM!***)*. wOt5 4B«ltt. RH 

iv^/nifcv^*.*. ft*. RHEEDfctt, mmm 

m-^tftESt (Reflet Ion High Energy Electron Diffrac 
40 tion) -CfcD. RHEEDWftt. Mffil^lcifcltSfe^ 
<4©iai«]©*BS"^*>^'' 
[0 0 6 9] /<-y7rlg^ 

itbJv*?SKX'ifo2»o ft*- ■Mfc*fW*«. WW* 41 

50 uxtmffi-rs. 
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[0 0 7 01 fstmwmmn^^^*^ 



[00 7 1] 3tfi®#»&* 5YMn Os b*« 
[0 0 7 2] /<!/77SIiLT:©«1iIli> WEfc» 

[0 0 7 3] ^y7T»BE4: LTWWMr*. &&t>*b 

[0 0 7 4] /y7rf»:*iv^, s i 
1BO|S*iBfcJMT*IS*lii*rZ"iBtl- ^OZb®otB5 

B*3 ■fctfxFOtt, 

1. 0 0 0 <mxFo/n xb^ 1 . 050 

1. 0 0 0 <m xFo/n xb ^ 1 • 020 

4rpa-T5 r t & i 9 »* L < - 

1. 0 0 5 SmxFo/n xb ^ 1 • 010 

*5£tJ<mttlSl±©»*"e*>*- xFO>xB<0»t\ m 

*■*>* (m. n) 14, «*.« (2, 3) , (2, 5) , 
(3. 4) . (3, 5) . (4, 5) ft*tf»*l^. 
xF0<xBroi:#t4, m>ntt5 ! e** i fc5. 
(m, n) turn, «*.« (3, 2) , 



(5, 2) . (4, 3) . (5, 3) , (5. 4) 4* 

(m n) tiCfclW^*)**** :©«*OiW» 
xB,'xF0Kir±. Ultt^n^*^ H*ig*S*iLfc 

tics iSffitroMi^ 0 ^" 4 "-* 711 
ft d 4: ic * 0 *»S:*«tR«>3«imflsW 

[0 0 7 6] _LlE5£l::*3^-CmxFo/n xB^l£iTt- 
4 <49, jWW10>a>** s Wfc ih '* v '' mxFo/ 

% 077] /<»77«wmt 

30 Z r OltfflVV HRHMWmt UTB a T i O.t 

JBV 6 0 0ttS l«E±IC»*bfcZr02 
(0 0 1) Kcoilrtro*^* (xb) 140. 5l9nm 
•C*>9, 6 0 0tWBaTiO3^«WTS 
gc (xfo) 140. 4 0 3nmt?fc2)„ LfcaSoT, »^ 
»<©-f*l ^ H »4, 

xfo/xB=0. 776 

±lE«;lCj3^Xn*3J:U : m^V>-rn'bl 

omikfe (BaTiOa 4&*k Z r Oz 3**) 

3 t-rttii, 

1.6 1 2/1. 5 5 7 = 1. 0 3 5 

[oo7 8iaT, * V 7T*mt\*xm\»b*i**tt. 
m * n ji *s i twtsii i-o v ^-c i^*a i-iftw-r s . 

[0 0 7 9] ^KfeflWB 



50 <fc**fc*fb**«*.fc (^^k^==^> 
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(0 0 8 0] iwtt?/u«*-M8J:tf£*fc s;/l '= , - T 
(4 Zri-xR«02-8 (RliS c*SJ:U<Y*:-&tr#±ig 

itffiCoV^-Ctt. ^^-T2)o RfcU-crt. Y, Pr. 
Ce , Nd. Gd, Tb, Dy. HoSS.fctfE r^l 

[0081] BMt*»'«* A *W*' 
fcfc-CfcS. Aftttfctt* (00.1) Ei*»«wi*a 

XHtt, JEjMfcifctt***® (0 0 1) #-SH|S)-Cfo 
S£^f B » (10 0) m-Bft-CfcSrksWf*!' 
< (i i l) KlfilWttffiJi-^ (0 0 0 1) iBlSl 

(Hi) Hi-El«S-C**wfc**»*U<, 
v vr*t©»£-e t * * # * * + a«t? fc 6 ~ i: a* i 9 » 

[0082] Si (10 0) gttEJHBt. ■MfcfctlB* 
(Z r,-xRx02-S) jW*JiS*i.-CV*5i:*, ~itfe» 
«*#{&■«**. Zri-xRx02-5 (00 1) //Si 
(10 0) -C-feSifc^jj^LVS 

|0083]4fc- Si (lll)SSiSC«S» 
*MJ§ (Z n-xRx02- 8) *SfflS^n-CV>5t#. =. 
ftfcroltaJMfcBQWH:. Zri-xRx02-6 (1 1 1) // 
Si (1 ,1 1) -cfo?>wtA 5 »*uv\ 

[0 0 8 4] Zr02 |4*S*»e»*»fc*»tt" cSt #*"* 

-Cfc5 D Zri-.R.02-«K©tt*ttr*x»«SH^*# 

Jpa J. Appl. Phys. 27(8)L1404-L1405(1988) 

-f, (ill) ffi|6j<©*tiW J »Ai"5. jE^b* 
fcttilli 1 J- Appl. Phys. 58(6)2407-24 

[0 0 8 5] ufctfo-c. it** (ioo) m-Efti 



Zn-. R« 0«-«l-*V % "C*'i°- 2 
~0. 7 5t?fc«wi*»*H\ rroS-S-roxWi 1 ? 
#4LV>®Htt, 0. 2~0. 5 0-Cfc*. IMb^a 

s nsmwi^awBiwiWW* 31 f * * *✓ * * 

^ VN<> (ill) «RfcHV*T (111)*- 

ElHfc-r6»*C»*. xttO. 7 5«ft>otiV\ 

[0 0 8 6] ^3E{bv 5 ''^= 1 =•7'* s '^'t f * :t: ®' ^; ^ ,4, s 
70 i m&<D%?7£&&£V&itV*=>-t J >- : %m±lZ-t8ii-) 

I0O8 71 **, if*l*t4*4^»t^ 3:i * 

|g, ateilMBW-AOUIItro*^^^^ Zn-x R 
» Oi-6fcj8l*«6tt. att, 0-0. BfcftS. 
[008 8] Zn-x R« 02- 6 IC*5^T x # 0 . 2* 

r o*fc**»9 3Bol»*r*B*.***ME«o»** Ttt * -hit 

[0 0 8 9] Lfc#o-C, a^^tt^-t^*®^ 
<**5c*f«-i3»*Z #*L<l4 9 3mo 
9 8nlieLh. ftt^Uli9 9. 5molXWJi-Cfc^ 

jn^pttir-efca. *aa, z r »jfc*»±i»tt. 

i:i9 9. 9 9mol«SS-Cfo5. mfiroiii^S 

immx'\tz rOatHf O2tro^t»±«ti-^o-e, z 

r0! ro*6filt St*, Zr+HfW)Wt»LW 
H f t Z r i*H5E*fc*fcL-t»«* lxfc « rfc6 

^ h f 02li*^^wl3(tsS^^l;^/^='-'>^*^ , - 

*5V^Z r02tt< P«ICttt«g-r^fc«>^ IBHI4* 



50 



[0090] KWtrai^Mtsi^^ Sf^k 
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5. 

[0 0 9 1] 3r±£g 



*±SMWfc**«l*» Sc > Y * La * Ce * Pr> 

d, Sn, Eu. Gd> Tb, Dy, Ho, Er, T 

/ Nd, Gd, Tb. Dy, Ho«WEr©W< 
[0092] *±««b«*» »R® BE"* i h 

■f (111) Efl*»t. sid 

00) isnsi (1 1 1) *s-et>sc#* (1 1 

1) EftiftS. YMnOs^'b** 
£ *b* KB*******"*" Kff*T?*> So 
[00 9 3] *±SMMIi**» * s c 2 03 20 
(1 1 1) m»»*w. s c '° 3 (1 1 X) 

SCO. 34 18«C*LYMnOi (OOOl)JSffil^ 
©MnOEOTHBHttO. 3 6 4 0nnn?*6fc*>» W*** 

3 (0001) *• 

[0 0 9 4] fc*U *±JMMI5»*»* (0 0 1) IE 

*±«Mfc**«»* < 001) 
*±smmi»*« 

±5 4«*WB1K t - fc * 9 ' •fc^ 3 = * * 
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**±5B5E* fcra-®*>«°*« v ^ Si fc ***** UVX " 
[0 0 9 5] WfciM^************* 15 * - 

« *. tf , =• ^ & li c a * M g * ^ ° T >U * ' J 
^feWiiJ-rsciris-etS. Al*3£TJ=s ill, 

e Co, Nii^l^I^lt KfCSaV^-C^ 

[0096] 't-v-ft-m yy&sk 
^fcABosi©^^^*^ baHb*«*»b*** 

'tB^W bT»S«, ~tx*-f**4 

a°Ti03, S rTi03*fcf4r;h,fcro@iS#-TNfc!K 
iDff4L<liBaTi C-3-efea. '*x*7x*'f hT 

[0 0 9 7 1 »aut*±M*« v«fti» 

V^»Elft* 3 ^*»« 1 *** Bl * r ** - k 14,81 LV ' 

% 0 9 si *fc, ®mi-znmm%. 

*ai-6i5tt3E** (001) iaifii*/:ittSz:^f B d 

0 0) EHa©«M**» ikr4Jil ' V '* S - BaTiO 
&-rz,^kK£*), B»fci-6tt*EW*rJE»-r6-t 

[0 0 9 9] *<n^**-r hTtfi^tt, 
#14 (0 0 1) *-E«. i-afefeKK^Bifc^^ 0 

-CfoSttft (100) nt-Eift, i-4te*>»«*iBi 
[0100] 

01) //Zii-.R«Oi-« (001) //S i (10 
0) x ^b^^^ b [10 0] //Z r.-xR«02- 

6 [100] //si [010] -cwrtWf*^- 
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[oioi] mas 

s Re, Pd, Rh*5£tfRu©'>ft< it 

^» &®sA*-©3im 

[0 10 2] NaCl3MMS»:TiO.VQ.Nb0.R0 

tt) , 0^x< l),LiV02^„ 

[0 10 3] ***A«IM*:LiTi20».LilfcTii-*0 
M=Li.AI,Cr.0<x<2).Lh-»MxTi204 (wr 
■C, M=Mg,Ma0<x<1),LiV204,Fe3O4,^. 

[0 10 4] ^c^3i"f hffl»fc* : ReOs.WOs.MxReO 

i M^s.o<x<a5).MxW03(r^-e, M=&a.o 

<x<0. 5). A2P8W32O1 1 2 C:t, A=K. Rb. TO, NaxTayW 
wOiC^T, 0ix<1,0<y<D,RNb03(rr-e, R: 
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-«MLh»*±Ji (Sc*iJ:tW«r«r) ).Na.-,Sr,NbO 
3(::Tl Ogxgl).RTi03(wrT, R:-«W6l±«> 
*±3S (Sc^-fctfY&^tf) ). Can.iTin03fi-y (C- 

,,=2, 3 y>0). CaVOs. SrVtfc. Ri -« SrxVOa (C d 

■C* R '-ttKl±©*±J* (ScfcitfYfc-grtr) , OS 
xil),R,-.BaxV03(rr-C, R : -«*».t©*±» 
(Sc*Jj:lW**tr> , 0SxSl).Srn + iVn03n*i-y(^w 

T< 0=1,2. 3 y>0),Ba n *iVn03n»i-y (rr-e, n=1, 

2 3.... y>0). R<BaCusOi s-» (- w"C> R : -«SE£l-t 
©tf±£ (Scis.ktfY*-&tri , 0^y).R6SrCue0iB(r^ 
■C R --Sia±0*±« (Scisi^YSr^tr) ).feS 
rdaOi.t R : -MBK-h©*±* (ScSaitW 

**tr) ).R,-xSrxV03(^w-C, R : -«««±0*± 
(Scis.fctfYSr&tf) ).CaCr03.SrCr03.RMn03(^w 

■c r • -mmsk±«>*±* (sc&iiXfiZ'Sts) ).r 

,.isr.»>Oi(cr-c» R:-«aai»*±W (Scfci 
r/Y**tr) ,0gx^l).Ri-»Ba«Mn03(rrt?, R : « 
«SLh©*±Si (ScaattWfc^tr) . OSxS i).Cai-«R 
xMn03-y(rrT?, R:-«Ml-b©*±W (ScJBttW 
fc*tr) OSxsi 1 . OSy) , CaFeOs. SrFeOa, BaFeOa. SrCoO 
3 .BaCo03'.RCo03(^r-e, R : -«»6U:©*±» < Sc 
j3itWt*tf) ).Ri-xSr,Co03(iC-e, R:-«W» 
±©*±S (Sc*iJ:tfY**tf) .OSxS l).Ri-«Ba.CoO 

R:-WMl±©*±« (SclSitfYtr* 
tr) .OSxSD.RNiOsCrST?. R : -«S!W±©#± 
g (Sc*5.fcT*Yfc^if) ),RCu03(C^-C% R : -MWK 
±©ft±3I (Sc*J:W«r*W ). RNbOs (r R: 
-«St£l±©*±J» (ScjaitWfc^tr) ).Nbi 2029,CaR 
u03.Cai-xR,Ru,-yMn»03(rr^ R : -«»»-t©*± 
|g (Sci8j:tfVfc*tf) .OSxSl.OSyiD.SrRuto.Ca 
,-,Mg,Ru03(rr-t?, OSxSl). C ai -.SrxRu03(rr 



-C 0<x<1).BaRuO3.Cai-xBaxRu03(rr-e, 0<x<1). 
(Ba.Sr)RuO3.Ba,-xK,Ru03(rr-e, 0<xS 1 ). (R, Na)Ru 
Oa(££-e, R : -®3gEi±©*±8I <Sc*s±tWfc* 
tr) ). (R.M)Rh03(rrt?, R : -aiS«-t©*±8i (Sc 
*3±mSr^tf) .M=Ca.Sr.Ba),Srlr03.BaPb03. (Ba.Sr)P 
b03-»(rr-c, o^y<D,BaPbi-xBi,03(rr-e, o<xS 
1),Bai-xK,Bi03(rc-e, 0<xS1).Sr(Pb.Sb)03-»(cr 
t?, 0^y<1).Sr(Pb.Bi)03-»(rr-c, 0£y<1).Ba(Pb, 
Sb)03-y(r^X% 0s£y<1).Ba(Pb.Bi)03-yUr-C, OS 
J() y<1).MMo03(^r-e, M=Ca,Sr.Ba), (Ba. Ca. Sr) T i 0 

OSx).*§. 

[0 10 5] S^n^*^ bSMMfc* (K2NiF4^Sr 
*«,) :R».iNi»Oi-i(£wT, R : Ba. Sr, (Sc 
aaJ:tWfc*tt)»5t»-««a±. n=l~5©£&) . 
R».,Cu.O.. + ,(rr-C, R:Ba.Sr.*r±*i (Scfcj:WSr 
*tf) © 5 fc-«KJLk. n = 1 ~ 5 ©Stt) . Sr2Ru04. S 
r2 Rh04 . Ba2 Ru04 . Ba2 Rh04 . 
[0 10 6] /<>fn*nTSMMb*:fcV20?-,(w=. 
-r?, R :-«MLh©*±« (Sc#J:tfY*r*tri .OSy 
20 <1).Tl2Mn 2 07-y(rr-C, 0Sy<1).R2Mo207-,(^r 
■e R = -«W»-h»*±» (Sc*J±W«r*tr) .O^y 
<1).R2Ru207-y(r^-t?, R:TI.Pb.BI.*±» (Scfci 
t/Y&-&tf)© 0 OSy<D. Bi2-«PbxPt2-,R 

u,07-y (rr-e, 0SxS2. 0Sy<1). Pb2 (Ru. Pb)07-» (=. 
ST?. 0Sy<l).R2Rh207-»(sr-e. R : TI.Pb.Bi.Cd. 
ft±m (Sci3j:tffSr-ttf)©5*>-a^±.0Sy<1). 
R2Pd207-,(rri?, R:TI.Pb.Bi.Cd.*±» (Sc*3i^ 
Y4r^tf)© 5 0Sy<1). RzReaOy-y (r =. 

tj, R :TI.Pb.Bi,Cd,ft±gS (Sci8j:Wf*r*tf)©5% 
jo -SliEA±.0Sy<l).R20s207- y (rrT?, R:TI.Pb.B 

i Cd (Sc38±t«fc«r)©5t»-««K- k - 0iy 
<1),R2lr207-y(rr-C, R : TI.Pb.Bi.Cd. *±31 (So 
*s J:tfY*-Mr> © 5 t,-«W»-b. 0Sy<1). RaPtaO 
H(::t> r :Tl 1 Pb.BI.Cd,*±« (Scfcit^YSr^ 
tf ) © 5 t>-WKl-fc. Oiy < 1 ) m. 
[0 1 0 7] *©(fe©SMb» : R4ReB0i9(srt?, R: 
-«Bia±»*±« (Sc^iWSr^tf) ).R4Ru B 0, 9 (r 
R • -«3i£J(±©*±5i (Sc*3iOtYS:-&tf) ).B 
r 3 Ru30i 1. V2O3. Ti203. Rh203. VO2. Cr02, Nb0 2 . M0O2. WO2. R 
40 e0 2 Ruth. Rh02. 0s02. Irte. Ptlh. Pd0 2 . V 3 0 5 . Vn0 2 n-. (n=4 
*»b9©Mfc).Snlh-i(rw-e, 0^x<1).La2Mo207, HI 
ojOCit, M=Na, K. Rb, T I ) , Mon 03 „- 1 (n=4, 8. 9. 1 0) , Mo 
, 7 047.Pdi-xLi«0(ir-C, xSO.1)*. In«r*triMb 



[0 108] iih,b©5%W^ m**tr»<b**fc 

Os, ln203 (SnK-7l , RC0O3, RMn 
OS, RN iOa, R2Cu04, (R.Sr)Co03, 
(R. Sr. Ca) RuOs, (R. S r) RuOs. S 
50 rRu03, (R, Sr) MnOi (R«. YS8it;Sc 
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[0 1 0 91 (0 0 1) E« LJ: 
5fci-*»fr, WHIME** (0 0 1) m-ErtTfc 

(10 0) *-E«"C*>S-t« t »* L 

<, (0 0 0 1) EfaW3£t8©#5SK£^ 

(ill) *-Ersi-?fe 

lOllOl3E**(OOi)Eltl4fc»fi**t 10 70 

o) ekhwWi***'*^*"*"**** «flsw*" 

jftt (00 1) El^fe*^* 5 ***^ 

(in) &ftX'hzzt»W£V\<\ fc*u WM 

#A**&«**ifca**l=r*, (0 0 1) Efl©'<* 
7T*^±tc (111) E«OtiiW*t5wi:il» 

*C (0 0 1) Ertti-*fc»l-»*> iEbfc^o^ 
[0 1 1 1 1 S i Wf»*sJ:l«M*«*» 20 

W ^u^ [10 0] //WM [1 0 0] //S i 

[oio] Tfc6ri#ff*^ M*™* 14 
//WM (ooi) //si (ioo) -efcftwtasff* 

loi i 21 i o- 7 ~i o-^ncm-e 

[0 1131 g#[ 

W aUi5fe, S i**iaS«i:U-Cf4, Si (10 
0) E*fcf*S i (in) ifitr*ififc*i-*fc«>*« 



[oii4l a-wcttAtt. »3n#fcJ:tfl¥;* 

a-e*,6rta*»*uv\ *fc, -his *o 

lo i°i 5l #no*SJMtr», xrd (x»ia*r) fc** 

ItSEM*-*^**^*-^^*^ RHE 

[oii6i mMJJitJWfc**'"^ 

(4, xaiUtffcta (002) BORUWS'*^^ 50 



UXV^5rfc*»*UV\ AFMK* 
M^Rz *w* 5 0 0nm) 

<i ± o. eonmgrrefctK ««S-CI4#* L< (4 1 0. 
0. 6 0nmUTF-efeS. IOi54«Bft* tt « 
0 %»±, * b ^ < t4 9 5 %»-tO**" e ** U 

"at 2 nrtlT-C*>6wi *«*"*■*• «>«* R * 
14 j I S B 0 6 1 0fcJU£4ft-Cl>2>. 
[0 1171 B y *y^-^*W*W R,oT 
BWtt#fcfc<* /hSVMSif»*^^. 

7 ° mm. mz.o. 4° es, ±eriothiso. 

1 Onmgg'Cfofc. 

[0 1181 *fc. RHEEDft^VD-^fco 

[0 1191 WW©**!*. -«C»*U<tt5 0~ 

[0 12 01 «<fc»*IBJi©»S»*» -K!lcff*L<l4 
5~5 00nm, ti)»*L<H:10~B0nBT?jS)»^ 

£°f4 50~5 00nm8St?ifc5rti^U% * 

is m&*mm**mmtiLbt**** #■©**« 

[0 1 2 ll M&SM 

sia*±fc=.*ve»**-Bmi!W=- 

»*L<tt*#*. (W?7-2 1 9 850*. 

^7-240607*, W 8-I 8 6 6 2 5f 

[0 12 21 »T, **** 

b t i 03 icg d frSAa ufc»«-efca p g t»K*« 
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[0 12 4] JK«gHtltt, JtffiaK^PiSKltbix*: 

[0125] 3£5f=gg 1 tt, IMfctt;* 7 *{R 

tt, PbO|R5B»9, T i Ox3K*«l 0*3J:t/*±JH 

[0 12 6] fi3R36»£ LTgtfb^ (P bO) Srffll^S 
iBffl<o*S±TttPb«>JRftBEdsaiv^fc«>, M 

mk\^T>h-&m^z>t iTSStsi^t lick 

v^s, PbOSrffiV^tttfWJ545^btfc!!), T 

So Ti0^fb*)luTi^ti^ TiliPb 
OJ:f9 tWbStbJ^i-v^fcft, PbOttT i ^KillSr* 

< ftv\ 

[0 1 2 7] T i 0*fcl$3tt5xM:, #f£L<i± 

1 £ x < 1 . 9, J:9»*L<ttl^x<l. 8 , S 
(C»*L<ttl. 5£x£l. 7 5. *Str»*L<tt 
1. 66gx£l. 7 5t?fc2)c £0>J;5ttT i Oxt* 

-^D^-SirK^W^T-ge^^StttlL/jr^^T i Ox- 

[0 12 8] tf, ±K*A^c»KS:-fe3> h-TS 0 S 
SiVSiO (10 0) B*»«*ffifc:*SJ:5K:jBv* 

[0 12 9] ro«iS*jSfe-ett, *SK*3*««ff*KSr 



(15) ^?1 0- 2 2 3 4 7 6 

WKM-fc^a 5 , S:fc-CW:4 0 0cm?a*-C*>5. »«o 
*i^ntX|j:2-8^yfOS i 1>^N— , !|$|C6 

I«:Mti r i t> pTflfc-efc*. 
[0 13 0] W:, aHS«r]»ffl*-e*Dl»L. PbO, T 
70 iOxfciTCdi:, ft{btt#***«**Bfcfl«&1" 

[0 1 3 1 ] ftHRWKli, 50 0-700t, #C55 

o-6 5 o < c&-ra^tas#*Lv\ l sootsat* 

at, tt*tt©«v^S»»«*»BI*s»felxfc<v\ 70 
OttrjBASfc, »3K*fc**«>s i«fc#»SU « 

[0 13 2] JiEIMbtt^i: LTtt. ttX* 

[0 13 3] rr-cii, ECR»iRaRtcj:5 7^*^» 

[0 13 4] *S*^T?«M««i«J:«ffl*rt*r»«ttt 

sfiSb, ECR»*«^b*»»*S7^*MbLfcll** 

-5^gl^JE(i, 1 0" 3 — 1 O-'TorrSft-CfcSwi^jff 
£LV\, K*5>flE©±HS: 1 0" 1 Torr * Lfc0)Wu 
30 Wrt^fcSJRaWfoAJRSr^bSiirar t*<, *>>o 

OSB^ttl 0" 4 — 1 0- 6 Torr<^fiv^*tc<CoTt^. 

2-50cc/^, »*L<tt5- 

[0 13 5] #3KX9K»:, «*tf-A*-elm»LT*» 

s*, *«tfifeiei-s. aK]Ctt(i. »*l<(±o. o 

5-1. OOnm/s, ±9»*L<tt0. 100-0. 5 
0 0nm/sT*fc5o fiKKifia^il'l-^ 5 tricBlii**— 3t 

[0 13 6] T i Ox*5J:l/Gdtt, tt*&Lfc(5i^±fi: 
50 AsatE±iCj*ft-*--5PGT»f B tca!9ii**i50-C, @ 
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lf^?», «i«rna»tt<» *9iWS*fc.ifin» 
Rr**fc*i-cv*ftv*. *$giE-cf4, r©Pbo©<ftttfc 
iSltfiJfflU PbOSRSSiB^ejWSffi^^J&SH:*^ 
$ P G T K*&*lc& * L»* * 

T i t commit 

P b/T i =E(Pb/Ti) , 10 
t. *rilSHfc!l»m»»K»«UW=*«** P b i T i 

i©JB*Jt 

P b/T i =F(Pb/Ti) , 

i©BS#tfs, 

E(Pb/Ti) /F<Pb/T i) = 1 . 5~3. 5 % 
#*L<I4 

E(Pb/Ti)/F(Pb/Tl)= 1. 7~2. 5, 
J: 0 »* L < 14 

E(Pb/Ti) /F(Pb/T i) = 1 • 9~2. 3 
fc**fc©-C*>6. «§lfcPbO*>6vn4'*n?'*#-f 20 

5CfcK>5i5. E(Pb/Ti)/F(Pb/TU aVb£"t" #*2>t, 

BlipKPbfc+^CfiMfr*-*-*:*^^* 5 ' 18143(0 
(Pb + R) /T i <z>tt*aMK<*9-r£f-C*£i&ttroifi& 

i,v<p^w UHjSifc&fcVN. Ecpb/ti)/ 

F(Pb/Ti)***i-«f»i:. Rf© (Pb + R) /Ti 

©&*#*# <*5i-t?"^ ^o^^*-f 

©Pb!) y*-*#tH»U ^u7**"< 

[oi3 7] aiRWbfcise, pboaaitrr i o 

J: 9 MtfJ icHMk L , fcj5rJ£«5B teK Jti" * 

r t J; D , P b ©iST&WfcVMita:* W ^ !> 

[0 1 3 8] &Bm9Wi ocm 2 ms«±^*fc2)®-g-> 
B©^fc*a* 

ffltrei^fc^iraK©*!***^!****" d©i^ 
Sfi<0Hlte»l41 OrpmfiA±^*>*-i:* s a*UV->. B 

«o|ll(E»«)±IRI*1»fc*v^, JI?ifl4Jt£!£fi©<&« 
±12 Orpmgg 

[oi3 9iB±. aram***©****©**** 
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[0 14 0] a&fc^tfcfctfV^CMBEMIfcJBV^ 

t, mac lti at 

[0141] »Jb-ei*. #±«5c*asi«i*-*>'»«* <0 

33V-CP bOlBI^B i2 03^S!Slc#^.5wi:-el^ 

b i iB»*»tis*i-*9a*n, * 1- 

h!)©3$pm#»^*£&* s ^kix5. 
[0 14 2] S i Kffi^S^g 
S i *ttA«R*E^»*^ ^y7T*WH»»*«I 

[0 14 3] )e^^B<D»m^-®l-*3lt2>^®«5Sl4. 
fc # feftfciKBWft^E©^^^ t 14-$ 

9«EKmixfcii^©J8ia©#i*a s ^fcu c*tfc»f& 

«?■©»***.**£&. WEJWia* 
^Bg-f-?>#-a-i:* s fc5„ flr*tt»i:A/if©tt**iirc# 

/w*©&5«ii©$Mfc-'- 1 * hA^)*ft*«r«. b£-f5 
t#. m«, nb©*t £©«***£« 

[0 14 4] Si S«±(^t;!fe»MSr=t•^*->^'' , ' 
^»^-ex.5^fl Sr*fc * 4 »t ixtf tt *v s - 

*5fc*roSS©^iS*5Sl4. x i«»t?*>* 

[0 14 5] Li>U flHMsSftfcS i (10 0)©* 
BI4, *a-f5i5fc. lx2*fctt2xl*Jti:* 

9. Si (111) ©^SI4. 7X7*fef42X8^ 

ff*U<ftv\ 
[0 14 6] mb©?t^*^ s >^ SI ^ 
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-rams (7 0ota±) -cr*, K2*©*«#*. * 

[0 14 7] r.0>£5fcwfcA»e»» s i l|M£!Si^§^KK : - 
:yT<£>;fr^*''eS®^&^£&^S't'- i kv\, 

[0 14 8] r©#ifet?r±, *i\ «ffi#itJM:Sftfc 
S i ****£«*. B 6 fc^i"*/^* y »* 70 
^tcffiEU K<btt^^Sr«A booing L-C, £tt 

s i °- 2~10nn®Sii-5 

r.t*»*UV\ JP£* s 0. 2nm*trefc5i. SiS 

[0149] ±B©*H»tt, 300-7 0 O'Crota* 20 

ic, o~i o^lBSaEfi^^ffi- c©i#, #Ma& 
*r±, 3 0~7 0t;/#e£i-*-s. 

WH*k* SiS»I* ! K*ftftU5. 
[0150] ■Mbtt#*»**tt* «*.fflMbtt#*fc 

LT***rJB^5»*» Hffi«rttra«ixi0-'~1 
x l o-«Torr«flE»X3fcU »flstt^^<o*^t* 

9, />ft< ttSffij£«w#H^<OSE^ffi* s l x 1 
0-uix l o-'Torri:tt6J:5e^tT5wfc*#* 30 

[0151] ±IEIS«, JSfflf -C*0»-f5. 

•c. 8g#*T-fc3^bzMiskRj£;L-T:s i c*»*s 
n*4if»sft* , ** l '* v '- eoo~i 

2 0 0t, 1#l£700~l 10 0t;tt5^i* s »*L 
v ^ 60 oic*ire*>si:, S i WttASKSSKl x 
lWigaMtfeixft^o 12O0tSrffii5t, S i 8Mb 
*J|£ J: S s i *£,P B ©<S!Sa 5 +#-ei** < * 0 « s » * 

[0 15 2]*^ Zr«J:t«Wbtt^*»» Zr > 
*±«5t^ (Sc*J:tfY**tr> *J:tHMbtt#* 

fixm-C?gfi£UfcS iSMb4&JBfc3S5GU ^±t5-t 
left*. fl^fcBfflbfcs i *S£*aofc-Z zte&xm 

[0 15 3] *B*£l*. RHEEDCtS*©'^- 

ixi (Dmmm&n®^ m+mAZitrfo* d 1 °i 50 
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-CE1 7 (a) fc*i-±5fcl«FJW»C10>S£*4*l*y 
-^✓^-^fcfti), Alt^(6)Sr [l-l 0] CLTfc 
^Wt^-vkftS. — #. Si 
14, lnti.it (ioo) a«>»*ix2*fctt2xir 

*>5*». lx2fc2xii**»«EL"0*6«6«ati:fc 
S„ roi54i*Ctt. RHEED^#-^tt, « 

[no] Ci-io] ©v»-r*t 

*», H7 (b) «c*i"J:5*l««fflC 

1 i 2{gJSfflC2 i«r»o^#->«ta«. l.x lO* 
iB*atfc*iV»-CW:, ±|SRHEED©/<^-^T, 

[ 1 1 o] *s it* [ i - i o] ©We. 2 
(SfJ^JftC 2#JL<b*LftV\. 

[0 15 4] ftja, si (ioo) m#*Bt>i XI* 

*> > t>tit>ii<n&&-? s 

< i x l Sr s i flt#®t?#5 =. t ti. Wfc-C 
tt^FWefc*. 1X2. 2X1, lxiivfix©** 

©f^tfcott, s i jwwBiiXfflf. 

[0155] Zr, *fcttZ r 33 J;tM&±S7cM?tiU - 
#<73^ffi 5 0. 3~1 Onra, #IC3~7nmSSt<C5i 

rokif&fi:* s 0. 3iib*»-CI4, S i Wl«®l3c«>»* 

jjs+#fc»ire#i% 1 0nmS:i@^5i:*ffif-®^- v ' < 

tci*) 1 x HSitT?ft<ft5-^ SfoS » ±ESiK^k 
^®©)?:$(0±PgW»*UV^Srl Onmt LfcSStt. 
1 OnmSrigxSt. ±«® * *> t> S i 

BMb*Ji*r+»Kas-c*ft< ft«i?«tt*«-et:< 5*^ 
[o i 5 el mt^^tx.xf&m^m^m^^ 2 

~ 5 0cc/»SS«*&i-5 i fc uv\ »fls«t*^ 
[0 1*5 7] mut/v^-^^fc* f j -S^fel§ 

dS-rttC!|#S¥7- 9 3 0 2 4*lC*SV'>-CJi*l'fc*& 

[0 15 8] ttfk$?;V3 = 9A*B«5JBJ*l::*>fc-3"t 

/U3 - * Aiott JMbOfc* I- 4 0 0 ^-h-Cfc 6 i * 5 
M*L< . 7 5 o , CW±-x?fcnii!g^ttl-ffinfcK^# 

0"C£U:-efcS^i:* s #*!-^- ft*3, HMSfiWS^* 

^ia«(o±Kii, 1 3 0 ccms-efc*. 
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[0 15 9] &v>-e. z rfc***-***** 1 -** 

05-1. OOnm/s, «t9#*L<f40. 100-0. 
5 0 0nm/si:-t-.5„ l$.m&&i"&1r€Z> t 

[0 16 0] *J3, »fctt#*«>«*U & J 

[0 16 1] MkV>^-9^R n± ^ ±mmtm 

**jiiitL-c#±«7c*«»t*:ffl 

[0 16 2] ^P^^^^ l-T»BioM*S 

[0 16 3] »flss?/i'3 = *A*Ji*fcl4*±S»fli«i 

fctffe, BaisttfT i«r«K«lii«w«*fti-«. 

14, Ba : T i =1 : 1 fc <C» ± 5 r fc U 

i tt*&fitfc(4. B a T i 03^©E^ttl-^*^^' S 
■r. BaTi03E HflsS^as (Zn-xR 

,02-6) SS-fctfS i (10 0) £«©*ti&:£<fcBB« 

flU^Lfc»*bV^Bi#- -t*fe^ BaTiO 
3 (0 0 1) //Z n-xR«02- 6 (00 1) //Si (1 
0 0) , 4>oB aTiOa [1 0 0] //Z ri-xRxOs- 

6 [ioo] //si [oi oj fcfc&*5fc+afc»»w 

(4, B«TiOs<jW*fc*»t6ln«a*l*8 0 0~l 
SOOt, #*L<I4900~1 2 0 0"CM4U\ 

L< i4i~o. 8ii-srfc**a*uv\ ^ 

/T i O-Cfcfifctt. rt«DJHfc»4T i 

T i JfcasSS§J - ?fcrt i ofc'*>"t"5fc» Jfcfifc£i"l*B a T i 
03^gWti-5 (0 0 1) EWC«4< (no) 
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(0 0 1) iE(6]BaT i OsKt- 
(110) &fa&&im#\'-ZL*.5<> «ftia»»-»« 

-C, !»©ElRlSr*-r*BaT i03a*»biXlC<V\ 
J**«I»KT iiiPJti" SOB. BafcBtflSS?/^-* 

ttffifctt. BUM* 1 nmS*»T-Cfca*£Hrt 
[0 16 4] ^o^i'f bTitfe®^^^^*- 
Bflltt;lf*©«BL *©«»*» «*»*©**#£» 

o g«<oiH)es?ro=&«&#iwO^-a4, -hfELfcB^fc^ 
3 =. ass jbjbj5£©*6- fc H«-e*> 

[0 16 5] iMt^/vs-fri^Ji^iSHKte** 
C38V^X»KW»*±5fc. ?F*«ft©4WE©**©* 

Bats* < ^£tta s iS^ett^**®**' c **' D, ^ iS 

[0 16 6] 

i:a*»*uv\ 5 0o~7 5 0ic 

fct±, «*.«P t«Wlc*JV*X, (0 0 1) i2K0«f K 
30 (ill) EKfl* s aAi"*-t*KC»*« 1 **. 

[0 16 7] m«S& I nSr-&tr®'(t;!fe*fcli*«*^ 

ffSIBI^o^^*^ hTlfeJi©^*^* 1 ^"*"*^ 
[0 16 8] JaWHWM!**^**^ 

(4, r^*y^^*ffi^5^ww^ 

[0 16 9] M«mi«MI*iB«r»»"*'* fc ' 

v%> T --,H4, #£L.<I43 0 0~8 5 0 , C, ±0» 
*L< 144 0 0-7 5 0*C-C-, »*L<l41©'ra~3 0 
50 £WL ±0»*L<I45~1 5#IW?3. 
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[0 1 7 0] ft*5. W»*rfffc>fcV*»*"Ct>. »»m* 

xh^\ z.<r>m*k<»T-~M^ #*L<(*3 0or 

SUb, £t>#*U<te500 < C^±, £fe|;L#*L<l2 

L<tisoo c c^T-e, »*b<r±i»in-3o»nB. 

[0 17 1] 

[0 17 2] HflSWl 
WJ p^7-2 1 9 8 5 0f, 4MPF7-24 0 6 0-grfc 

[0 17 3] ■t-ftWWBWrrit* 
X, *©«B# (10 0) Btft5J:5l-«»rU"C»B 

[0 17 4] jtffl»rtfcK«*frfcEI«fe*tWn«M»* 

Orpm-CEMES*. BttKfcKKttiSfcV 2 5cc 
/»OS*t»Aloo, 6 0 Ot^aPlRUt. 
*3M*B3WIMMfcS*U afcK*BWM»lnmG>s 

[0 17 5] SffiSr9 0 Ot:fc»fflRU ESte* 

iirfco B(HRri2 0rpml:Ufc. r:«>k*. /XA^b 
Bffli#*«r2 5cc/5^#J^-?*AU WIB*«±l-4: 

HWlc*»LT5nini;ftSJ:5tc«t«U 1 x l o*B 

[0176] $ SRmfi* 9 0 0<C, XffEl6K 
«r2 0rpmiU /X^b»*^«:2 5cc/»o« 

^■eiAtfcti^^ s i*ffi*as*tR*ffii-A*z r 

4r«««36*6>*»ei-*wi:»cJ:9, i?£l0nm<OZrO 
2K«r»filcUfc. r^Z r 02^0 9 0 O'Clw^t-t^®^ 
tt^jHfcfcBjeLfcirr*. 0. 5 1 7rmrC*>ofc. 

[0 17 7] »CV>"C % Z r 02Rfc»J*Ufc*S*** 
gtfct UX, B a T i OsKSrJRfiKUfc. IS*S*R(4, 

9 0 O'CI^Df&U 2 Orpm-eieie^^rfco ^^^^ 

±U:&JSB a tMT i 

fcj: 9, BaTiOi«»*tfe. jjtBttU*H-tt. T 
i*!lt*T i 02tto»S^*»^ 0 - 5 rant J: 
5lc«*U ftv^, 0. OSrWsfcLTB 

aT i 08»©*StC»*LT2nmi4$±9l-T i * 
WBaiMU &we, &mm&Z0. 2nm/slC± 
If. B3i:/7t»S^B a T i OaBtfcU" Si(100)/Zr0 



9) WBITl 0-2 2 3 4 7 6 

36 

2 (001) (10nm)/BaTi03 (OOD^fcr^*^^^****^ 
'Lfc.- 

[0 17 8] BaTiO3/W^^9 0 0t^i^ 
fe^Sft (xfo) 1*0. 4 0 5nnrC*>!K — -tlBZ 
r O2KO 9 0 Otl^ttSSft^SS (xb) l*± 
|S05i:5^O. 5 1 7 nmT? 
S mxFo/nxB 

70 1.6 2 0/1. 5 5 1 = 1. 0 4 4 

BI#f33J:VRHEEDfcJ:5«*«)»** X«-hfc#rt 

L.tzn^'T^X^ (0 0 1) ga^O^tf^^rv'^^m 

[0179] Ufc#B a T i OsBH-OV^ X«ft 
EtfiCiottS (0 0 1) SKW^cM^SS (c 
BMW) (0 0 1)®5^W(3 0 3) 

B^^fc a (aBF^PS) *#«>fc._BI3 

1^ BaTiOaBW>»Sfc* *BMH 
20 i"o H3 1CI2. IRffiSMDB a T i OsCOBMPB. 

B a T i 03'</^*t*>BIHfil (aBIBHi:0. 3^ 
9 9 3 2nm, cBIBW:0. 4 0 34 7nm) 

[0 18 0] B3*»fe. Sft»«*»K^»<**^ Ufc 

[0 18 1] H3SffJ2 

JO OtTPtM^IfttPtl^U Si(100)/Zr 
O2 (001) (10nm)/BaTi0 3 (001) (100nm)/Pt (001) (100nm)^ 

ltSBrtO*^ft**r«*l-fci-^- 0. 3 9 4nm-C 
[0 18 2] Sfefcl* r^tr^^^^*5fiff*«* 

(£TF, PPTtV>p) *«#U PPTKWt 

fco *t. a^teo origan* u 20 

rpm-eBHB**fc. ECR«I»&?^ 
O, TiOx (x = 1 . 67) jsWPrttW^ 

PTKt»*tfc. «>«*&^ PbO : P 

r : T i OxCO^it^2 : 0. 1 : 1 i*5i5l-WJ 

E(Pb/Ti) = 2. 0 

[0 18 3] COPPTKOJBdi (H^it) fe**Xlft 
50 (Pb + Pr) /T i = l. 00, 
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Pb/ (f b + Pr) =0. 9 2 
F(Pb/Ti) = 0. 9 2 
E(Pb/Ti)/F(Pb/Ti) = 2. 2 

[0 18 4] P PT/W^6 0 O c Cl^*3»tS» : ?'3e 
»(*0. 3 9 6nnrC*>*K — PPT^Ti^fit 
5PtIO6 0 0 , C^*3lt5»^S»tt±ELfcJ: 5K 
0. 3 9 4nm40"Cs 
mxFo/n xB 

0. 3 9 6/0. 394 = 1. 0051 

LfcaraiOi-^TJ&s (0 0 1) iBlPiroaitr^^fv'-lryHK 
[0 18 5] Mtfc^PPTlCoV^, a®R8H*5 

ppTm<Dmzt&mmMt<Dm&*7Fi-o Bud*** 

M&&<DP PTOffiWHW* 1" PPT^/V^ltW 

[0 1 8 6] H4lC:fc5^"t\ *S*S9. 9nmOPPT|g 
■Ctt, c®IBI«36i«IS^fc#<OcaBBIHJC»Ll. 0 
0 1 5 (0. 4 0 2 6/0. 4 0 2 0) f^#<^5J; 

fi, HS16. 4nmT*teO. 9 9 7 8{g, f$29. 0 
nm-CttO. 9 9 3 5ft, J»S 4 7. 2nraTtt0. 9 91 
3ft, I^flOO. Onm-mO. 9 8 9 1 ft"C£> "9 , 

[0 18 7] #3Ltr^^rV-v/V«3S#OPPTlKaffi 

P tBM>fc!J-K«:ft!9aU V 

P PTROJPS35S3 0 Onm (jRM^O i * c ffiBB 
R5<D0. 9 8 18ft) T*fo5«IMr*iiSII^3 0 
/iC/cm^fcofcWKttU «S4 7. 2nm «B£3M0 
£r£<Dc®PflRi<D0. 9 9 1 3ft) Ofc(7rC(i4 0 /i C/ 
cm 2 , »*9. 9nm «I^i#fl!)cBIBI8roi. 0 
0 15ft) Otrotli5 5/iC/(rfTfcofc. 
[0 18 8] C05»*3&>fc, PPTKas»<ft5l5ifja 

K«F(j:pPTBtozi»:7cJE*l6*^Jt*t, ztttci^t 

[0 18 9] g|j5feftj3 

SHSW2 4:BI«^Ur, S i (1 00) /ZrOa (001 ) (1 Onm) /BaT i 
03 (001 ) ( 1 0Onm) /Pt (001 )( 1 0Onm) if * * S/ * /MSattt 

[0 19 0] Sbt^, n^octr^^^^r^fllSSffSriR* 



(20) ^i¥l 0-223476 

&E£LT, P b T i OaRSrSSfctfcfc J: 
Afftttztt, *i\ Sfi£6 0 orWnHRU 2 0rpm 

#;*£l 0cc/#o«*-CWAU J«±tPbO*5J: 
tfTiO* (x = l. 6 7) fe*;ft«x©?8*Wa>&SS 
I^t^I^a^ H5l:*t»SOPbTi03R 
ZMf&LtZo JR*«d»b<Ot*J&l4, P b O : T i Ox CO 

70 E(Pb/Ti) = 2. 0 

[0 19 1] IiDPbTi 03K<£>*lJf* (DS-T-Jt) «:* 
ftx&##f tc J: r> m^tc 

P b/T i =1. 0 0, 
E(Pb/Ti)/F(Pb/Ti) =2. 0 

[0192] P b T i OzsWftttD 6 0 O'CfcfcltS 
t&^£»l*0. 3 9 7 nnrC — PbTiOsK 
20 (DT\zfttEl-Z>P tm<oe o otirfctt5*MM£Rtt± 

12Lfc<t5l-0. 3 9 4nra4©"C % 
m xFo/n xb 

0.3 9 7/0. 394 = 1. 0076 

[0 1 9 3] »J*bfc#P bT i OsJBtlCOV^T, a® 

5 lc, PbT i Ozm<om£ ifrffiWPiioBffSr* 
30 i" 0 H5tcM\ JBsa^.fl>P bT i OsOffiWIPB* 
■b, P b T i O3-'W^*tOffiB0Bl 1 b^UX*>5o 
[0 19 4] H5d»fe % J>£ 5~1 0 OnrrrCte, c ffiCD 
SHQ|)||dSjRS^i:#0^cSOSNIHOO. 9 8 4- 
0. 9 8 9ftTfc<9. vvf;h,fc;*:#E«fiBrtfc«X*oT 
V^Se Lj&*U OnnuteJzt/l 0 0nm©PbT i 

JftE»fic*5i^r, (ooi) do 

40 -3 0nm^PbTiO3Km XjRESrtC^T (0 
0 1) )£— RlSTfcfcr fcdHfcBSiX, *fc, RHEE 

[0 19 5] *x^^3r^/Hi§ft^PbT i Oa^ 

Mm<0Al«tt*:»J*U P tll^!)- K«:»0 HU 
L, y— ^*I7— BB*JBi^Ta##tt&iH5£Lfc. r 
(Dg^, P b T i 03m<om£&2 OnnrCfcSflKtfcT? 

50 cnf-Cfco/Co £fc, 5-3 0nmOJ?£ K^T, rtu 
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(21) 



ftfflW-l 0- 2 2 3 4 7 6 
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i) gsfit (i o o) iaifijt^affiu a*»«tt2o 

~4 0 j/C/cm 2 i/hSd>ofc B 
[0196] PbTiOs©f SiS3 0n 

o *: k * -< ^*3sas»dc s n-f ^ f * * > ^ jvm t * 

[Bl] Sfc^fSffc (PbT i Oa) *Rtf>— 8c7cJ5* fc 
[B2] (a) , (b) joitf ( c ) tt, 2: 

• [B3] Si(100)/Zr02(OOl)(10nm)a«±lc:«jS8;LfcB 

[B4 ] Si (100)/Zr02 (001) (10nm)/BaTi03 (001) (lOOnm) 
/Pt (001 ) (lOOnm) *tE-h*-^J« Lit PPT ( P r JSiO^ 



40 



[B5] Si (100)/Zr02 (001) (10nm)/BaTiO3 (001) (lOOnm) 
/Pt(001)(100rm)Sfi±fc«jSLfcPbT i OaKlCO^ 

me) *&m<o&m9,»nm<omi&\zm^birizmm 

[17] (a) lilXlOfEMORHEED^^- 
>&j*-r«*B"C*>?K (b) 112X1, lX2fc5V^ 

JO t«aBT*)5. 

1 ^5f§£B 
1 a XffiflT 

2 

3 ftJV? 

4 ©Site 

5 ^ — 5 

6 t — * 

20 8 Kfttt^f^ttlSR 

9 P b 03&3££IS 

10 T i Ox 

l 1 *±S5c*3fWSW 



[111 



im3] 



0L9 
Ofl 
0.7 
0J6 
0J5 
0.4 
03 











^ SM 


3L?SU 




_J ... j J i — 


i 1 i , 1 



-4 -2 0 
=*5U5*J (GPa) 













2 4j02 
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(22) 



ftBR¥i 0-223476 



IB2] 



14] 



(a) 



(b) 



9WL 



(C) 



SIS 



KttcioTS*'?* v ****** 
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[B5] 




50 100 150 200 
PPT it JS 3 (am) 



P = 




4.18 
<*4-H 
ff4.12 
§4.10 

„4j06 
4.06 
3.93 

^3196 

E 3-92 
1 350 
3.88, 



/</U<rPbTiOi 



1 . 1 ' ■ ■ 1 1 — -I 


— • — 
















■ ■ ■ ' ' • I I 1 1 



20 40 60 

FbTiOsHWS (run) 



60 100 
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(23) 



ftm^l 0-223476 



17] 



(a) 




(b) 





(51) Int. CI. 6 

HO 1 L 21/8242 
27/14 
21/8247 
29/788 
29/792 
37/02 



F I 

H 0 1 L 27/1 0 
27/14 
29/78 



6 5 1 



3 7 1 
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